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PROBLEMS, PUZZLES AND PROSPECTS: A 
PERSONAL PERSPECTIVE ON PRESENT PARTICLE 
PHYSICS 
H. David Politzer * 
California Institute of Technology 
Pasadena, California 91125 
The organizers of this meeting on novel results asked that I 
make some closing remarks which would put in perspective some of 
the issues we discussed. Perspective depends, of course, on where 
you stand, so what follows will be of a highly idiosyncratic 
nature. 
A few years ago, we solved everything. The "standard model" 
(SU(3)color@ SU(2) L @ U(L)y accounted for all known and vir- 
tually all doable particle physics. It could be "unified" 
elegantly into a single compact theory, 1 and this unification 
predicts the Weinberg angle to uncanny accuracy 2 as well as 
accounting for the cosmological baryon excess. 3 (I register in 
passing my own deep suspicion of all cosmological, as opposed to 
astronomical, "facts." Historically, many have been based on 
extremely tenuousarguments rather than on observed data.) Ideas 
of unification also stimulated a new generation of proton decay 
and neutrino mass searches. 
The confidence of the theory community was echoed in the 
April 1980 inaugural lecture of the new Lucasian Professor of 
Mathematics at Cambridge, Steven Hawking. (Mind you that this 
chair comes with no mean legacy of theoretical tradition.) Hawking's 
lecture was entitled "Is the end in sight for theoretical physics?" 
and his answer was yes. 4 Admittedly, there was some work yet to be 
done nn gravity, but supersymmetrars were hot on the trail. 
This is very sad. The end of theoretical physics means the 
end of all basic physics. 
In the interim, this point of view might well have been re- 
futed by experiment. But to date, there exists no outstanding 
conflict between the standard model and what we know. Rather, 
more evidence has accumulated: jets, scaling, p-pairs, hadrons 
at large Pl, T's, and bottom. (Even surprises such as D-decay 
rates in the end strengthened rather than weakened our faith. ~) 
But give theorists enough rope, and they'll hang themselves. 
As people contemplated the prospect that the standard model 
was actually part of a genuinely fundamental theory of the uni- 
verse, they realized that it is absolutely unsatisfactory on 
many scores and necessarily incomplete. Depending on personal 
preference as to which of the model's problems seems most pres- 
sing, people go off on different tracks. But not one of these 
fundamental questions has been resolved to general satisfaction. 
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Confusion reigns. Ask individual theorists "What are the most 
important theoretical or experimental issues?" And you will get a 
variety of contradictory answers. Here are some examples: 
i) Are the gauge interactions that we believe we have identified 
necessarily fundamental 6 or are they obviously just an effective, 
low energy phenomenology, whose underlying dynamics could be just 
about anything? ? (Such divergent views are held by the most respec- 
ted of theorists.) 
2) Is the supergap (the splitting, assuming supersymmetry, between 
the particles we know and their superpartners), necessarily a few 
GeV, TeV, 1019GeV? Each of these possibilities is espoused by 
various superpeople as being necessary for supersymmetry to make 
any sense at all. 2 
3) Is the smallness of the observed astrophysical cosmological 
constant relative to the Planck or hadronic scales the most im- 
portant problem facing basic physics or is it simply a non-problem? 
The latter could be the case if the quantum cosmological constant 
were truly enormous, 8 but the parameter we observe in the Robertson- 
Walker metric is actually something else, e.g., the result of an 
averaging that we don't know how to perform because we don't under- 
stand quantum gravity. 
I wish to share my confusion on a few topics to make it clear 
the the situation is indeed confused. But rather than attempt to 
straighten it all out, I will later try to address the question of 
what we might practically hope to do in the near future. 
I. Gravity: 
In the past few years, many theorists have seriously expres- 
sed the opinion that gravity is "the only thing left to work on." 
There are two essential problems posed by gravity: i) It has no 
apparent relation to the other fundamental forces. Even if the 
standard model gets unified into a single, simple group, gravity 
remains an additional force of rather different structure. And 2) 
quantum gravity makes no sense --- or rather we have not understood 
how to make sense out of it. The symptom of this problem is non- 
renormalizability. 
Supergravity answers problem i). 
In fact, supergravity doesn't solve problem i), 
but instead relates gravity to yet other forces which, while defi- 
nitely not the forces we know from particle physics, might be 
responsible for our familiar forces. Maybe. Regarding 2), even 
the most optimistic superenthusiasts expect that all known super- 
gravities are non-renormalizable in perturbation theory ~. Non- 
renormalizability means that our understanding is incomplete. 
Either non-perturbative effects or some new interactions must 
serve to give an ultraviolet cutoff. In either case, our present 
theory can only be a crude phenomenology, which leaves open the 
question of which of its properties we should take seriously. 
Needless to say, no one has suggested a way in which experiments 
(which occasionally have guided even our wisest sages), might shed 
light on some of these issues. 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:
131.215.225.46 On: Wed, 16 Nov 2016 19:14:46
377 
II. Unification; 
The standard ideas on unification, e.g., the SU(5) model, pre- 
sent us with the hierarchy problem: there are two vastly different 
fundamental scales present in a single system. Some attempted so- 
lutions try to make the existence of the two variant scales natural 
or at least stable to small variations of parametersl0(although 
neither of these criteria can be particularly well-defined). Another 
method of solution is to populate the enormous scale gap with many 
intermediate scales. II Of course, the problem exists only to the 
extent that one believes in both scales. What are these two scales? 
The lower one includes all the particles of the standard model. Few 
people are embarrassed that the relevant masses range over 0 for 
photons, a few eV for neutrinos (perhaps?), 5-10 MeV for u and d, 
140 MeV for pions, 1 GeV for protons, 5 GeV for b quarks, ~i00 GeV 
for W's. The higher scale of ~i016 GeV exists mostly on paper. 
III. Substructure: 
Noting that matter is made of molecules are made of atoms are 
made of nuclei are made of protons are made of quarks, we need no 
great imagination to ask what's next. But there exists as yet no 
compelling evidence for nor compelling theoretical success using 
substructure. There are actually several obstacles confronting 
any model of quark substructure. 12 Furthermore, virtually no sub- 
structure models seriously address the property of the standard 
model that cries out for substructure, i.e., the fermion spectrum. 
To get onto a more positive track, I wish to ask: 
When is the soonest something dramatic must turn up in experi- 
ment? 
I believe the answer to this lies within the weak interactions. 
Are there W's and a Z ~ exactly as predicted by the standard model? 
Both minor and major variants are definitely possible, e.g., more 
Z's or a confining SU(2) which gives strongly interacting W's 
and Z's. 13 If the standard model comes out successful, Z decay 
will reveal virtually all particles of mass less than MZ/2. And 
as long as the weak standard model survives, precision measure- 
ment of its parameters is essential; from radiative corrections 
we can learn indirectly about yet much heavier particles. 
An outstanding example is M W/M~cosL 8_w and its deviation from 
i, currently known to be accurate to a few percent. The value 1 
reflects that before Z-y mixing, the unmixed W +, W and W ~ form 
an isotriplet of what is often referred to as "custodial" SU(2). 
I would like to emphasize that custodial SU(2) is the weak inter- 
actions:13the physical fermions are doublets of-~he global SU(2). 
They are all sin$1ets under the gauge SU(2)L.I~ Trans i t i~s  between 
them are affected by W emission or absorption, which is allowed 
because the W's are isospin i. This global SU(2) is in some ways 
one of the deepest mysteries of known particle physics because as 
a symmetry it is only approximate. It is broken by electromagne- 
tism and fermion doublet mass splittings and the non-existence 
of right-handed neutrinos. While exact symmetries are symmetries, 
approximate symmetries usually arise from underlying physics. 
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The standard model predicts Higgs bosuns. If they are light, 
we will see them. If they are heavy, as ~ increases, so must the 
Higgs self-coupling increase to keep <~>--  fixed at ~300 GeV, which 
we know from Mw/e. Higgs bosons are required for the renormaliz- 
ability and unltarity of the standard model. The Higgs particles 
may be much heavier than the W's, but then unitarity requires that 
W-W scattering be modified near 300 GeV, if not by Higgs exchange, 
then by the W's themselves becoming strongly interacting. IS While 
this energy is post LEP, it is not astronomical and represents a 
scale by which something dramatic must happen. The search for Higgs 
particles may turn up other scalars in addition or instead, e.g., 
technipions or inos. 
Let us now consider a different question: 
When is the soonest that something dramatic might happen? 
The answer here is clearly tomorrow. The answer might even 
be yesterday, with the serious possibilities of magnetic mono- 
poles, 16 fractional charge, 17 or both.(!) 
Existing or future experiments could at any time see evidence 
of new particles and/or new interactions, substructure, technlpions, 
or inos. (The latter reminds me that one achievement of QCD is 
that we could fairly certainly identify gluinoslSor, for that matter, 
any new colored object.) Rare decays (i.e., things that shouldn't 
happen hut do or should happen hut don't, typically involving 
neutral weak currents), should certainly be pursued further he- 
cause they provide some of our sharpest constraints on speculations 
of new physics. 
In fact, I think it is safe to say that anything that can he 
measured better or over a wider range must be useful in delineating 
alternatives. 
Of course, there exist classes of experiments that are hard 
to interpret (usually those involving genuinely strong inter- 
actions). In such cases, unless the results show a dramatic break 
from earlier behavior, their significance is unclear. Yet some of 
these strong interaction phenomena are so conceptually simple that 
we must someday understand them. Examples are hadron-hadron total 
cross sections and hadron polarization effects. A few years ago I 
would have added hadron elastic scattering to this llst, but today 
elastic processes are of clear and immediate theoretical interest 
because we now have some fairly explicit QCD theoretical expec- 
tations. 19 
Another question I would like to address, particularly he- 
cause it occupies so much of so many people's efforts, is whether 
there is any value to the endeavor commonly known as "testing QCD." 
The answer, I think, is definitely yes, hut we must pay atten- 
tion to precisely what we're doing. At present it seems unlikely 
hut it is always possible that we will see a violation of our 
expectations that is so gross as to shake our confidence in the 
assumed underlying principles. More likely, by pursuing this 
question we can sharpen our theoretical and experimental under- 
standing. This in principle would allow us to identify the first 
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deviations that are a signal of new physics. We also need more 
guidance from experiment to understand the dynamics of strong inter- 
actions. An essential element in almost all speculative thinking, 
this subject remains largely a mystery. 
propos "testing QCD", I would like to give a plug for lattice 
Monte Carlo calculations.20There are many serious criticisms that 
can be leveled against present efforts~ I However, I am optimistic 
that we will have in the near future a vast variety of predictions 
from this method that should be good to the 10% level. Some of the 
quantities that could thus be computed include magnetic moments, 
gA's, glueball-quark-meson mixing, and inelastic structure functions 
(including higher twist). 
There are, to date, no "clean tests" of QCD. I am as guilty 
as many others for having written a paper (or many), which implied 
as much in its title~ 2 At the time we thought we had identified 
a particularly characteristic interference effect that manifested 
itself in angular distributions in leptoproduction. But, as with 
every other "clean test", there are competin~ effects of compar- 
able magnitude in present experiments 23 (but which asymptotically go 
like I/Q2). What we really need is an honest assessment of the 
uncertainties, theoretical and experimental --- which both tend 
to be quite large for the quantities of interest. At present, 
many people get needlessly worked up over dramatic successes or 
failures of QCD which are in fact neither. 
If QCD perturbation theory were "exact," i.e., if there were 
no further corrections to worry about, the as yet uncomputed 
0(~$3 ) effects in the theory lead to an uncertainty in the 
measured A which even optimists would have to admit to + 40%. 
Of course, perturbation theory (especially as we use it), 
isn't the whole story. There are several possible areas of 
possible problems: 24 
i) Even for Q2_~o, it is still debated whether soft exchanges be- 
tween spectators render the structure functions in hadron-hadron 
scattering different from those measured in lepton-hadron scat- 
tering. 
2) Do there exist strong corrections to the perturbative picture 
of hard scatterings that ~n' t  go away like some power of I/Q2? 
Gupta and Qulnn argue yes~ hut I do not find their logic compelling, 
even for the hypothetical, simplified model they discuss. But the 
challenge will exist until we really understand strong interactions. 
3) There is an orthodox theory of I/Q 2 corrections to the scaling 
limit. But does it make any sense to talk about power corrections 
without first summing all logs? The latter are each asymptotically 
more important than any inverse power of Q2. Furthermore, strictly 
speaking, our present calculations are only valid for the asympto- 
tic behavior of amplitudes expanded about Q=~. I personally believe 
that power corrections can he defined operationally, and it is 
worth studying their systematics. However, the whole area is 
subject to this fundamental criticism. 
a) This orthodox theory is fairly well developed for the problem 
of inclusive leptoproduction. The experimental situation is 
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encouraging in that we are beginning to be in a situation where 
we can attempt a statistically significant separation of powers 
from logs. 26 This is not an easy task because the logs come with 
a great number of adjustable parameters and functions, while vir- 
tually nothing is known a priori about the structure of the powers. 
The theory of power corrections to leptoproduction is given by 
the operator product expansion. While it is understood in principle, 
no serious phenomenological analysis has been attempted. A popu- 
lar and thoroughly misleading model of these power corrections 
attributes them all to an initial parton ks distribution. This may 
well give the correct order of magnitude, but it ignores such com- 
parable effects as off-shellness, final state interactions, and 
quantum interference. This naive model also gives the wrong sign 
for scaling violations for large x. 
b) We give considerable attention to final state hadrons, e.g., 
in e+e-annihilation. Power corrections to QCD perturbation theory 
are invariably implemented using a "hadronization" Monte Carlo, 
typically of the Feynman-Field or the Lund-string varietles. 27 
These models are crucial to present attempts to extract underlying 
QCD parameters from the data, and most people seem confident of 
their reliability. After all, if one varies the parameters of 
the model by + 100% or even goes to a different Monte Carlo and 
one still gets the same range of values for the underlying para- 
meters, what more could one ask? A lot. These schemes are woe- 
fully naive and classical. There are many phenomena of comparable 
importance that are simply not included. So scanning the limited 
possibilities as described above in no way explores the whole 
possible range of I/Q 2 effects. 
Here is just one example of such an effect: Consider "three 
jet" events. We normally think of this as arising to lowest 
order via a scaling amplitude in which one of the two initial 
quarks radiates a hard gluon. The standard Monte Carlo hadroni- 
zation routines give I/Q 2 corrections to the energy flow. How- 
ever, there are also several independent three-jet amplitudes, 
with their own energy and angular dependence, that go like I/Q 2 
relative to the scaling process. Though we do not yet know how 
to compute them explicitly, pictorially they involve (among 
other things), the radiation of "diquarks" and "digluons" 
(neither of which are necessarily color singlets). Since these 
amplitudes have their own angular dependence, they are in no way 
simply a dressing of the individual outgoing partons of the scaling 
amplitude. That is to say that these corrections are process- 
dependent in a way that can't be mocked up by the existing 
hadronization algorithms. 
What to do? I suggest a very phenomenological approach: 
collect data over a broad enough range to attempt a statisti- 
cally significant separation of the scaling piece from I/Q 2 cor- 
rections. If that is not yet possible, I would simply use 
existing hadronization routines as an estimate of the relevant 
uncertainty, i.e., compare with no hadronizatlon to see the 
magnitude of the effect in the quantity under study. 
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I'd like to point out that even in quantities where direct com- 
parison with perturbation theory is possible, (i.e.,"infrared safe,") 
hadronization or I/Q 2 effects may be important. They are certainly 
important in present-day analyses of energy flow in e+~- annihilation. 
The total e+e - annihilation cross-section is reputed to be one 
of the best understood QCD predictions. There, the operator product 
expansion can be used to estimate the first power correction to 
straightforward perturbation theory. Aside from calculable heavy 
quark mass effects, the first such correction to R is of order 
(400MeV/Q) 4 In fact, using ITEP operator matrix elements, 28 that 
is probably the value (with a plus sign), to within a factor of two, 
making it, in practice, rather small. However, one is always near 
thresholds--- light quark thresholds if not heavy ones. This neces- 
sitates smearing in energy-squared by an amount &.29 A safe A is 
presumably some small fraction of Q2, but no one really knows. This 
uncertainty, which must also be present in shape predictions, under- 
mines the predictive power of perturbative QCD. 
QCD phenomenological analyses are sufficiently complex that 
it is tempting to lie and/or be lazy about the inclusion of some 
effects. Things that we already understand in principle are often 
ignored in practice. Common examples are quark mass effects and 
the uncertainty of the glue distribution. And sometimes silliness 
prevails, as in the attempt to add up the electric charge of a jet. 
If we are to be serious about testing QCD, we must raise our stan- 
dards. 
Old references are not always models of careful analyses. 
Consider exhibit A. 30 The solid lines show QCD predictions for 
scaling violations in electroproduction, with the uncertainty 
reflecting the uncertainty of the glue distribution. No one today 
would take those 1974 fits seriously. Too many relevant phenomena 
were ignored. But have we really learned our lessons? Consider 
exhibit B. 31 (Let me emphasize that I think the experimental work 
and the method of presentation of ref. 31 are excellent.) The 
observation of the running or Q2-dependence of a s is subject to 
the same criticisms (and then some), as my 1974 scaling fits. This 
analysis of ~s(Q 2) came from studying energy moments of the cross 
section into a cone of variable opening angle. While the data 
fits the "theory" nicely, it is noted in the top figure that a s 
must be varied from 0.16 to 0.18 to fit different moments. Hence 
one might conclude there is a 10%, i.e., O(a~), uncertainty in 
a s. However, the running of as, supposedly determined from the 
same analysis, is itself 0(e~). So I would say this is yet another 
situation where a variety of~low Q2 phenomena came to be described 
over a limited range by simply readjusting the perturbative QCD 
parameters. 
To summarize briefly all that I've been trying to say: I 
think the experimental prospects are wide open. All we have to do 
is try. 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:
131.215.225.46 On: Wed, 16 Nov 2016 19:14:46
382 
References: 
i. H. Georgi and S. Glashow, Phys. Rev. Lett. 32, 438 (1974). 
2. See e.g.,M.K. Gaillard, this conference. 
3. A. Sakharov, JETP Lett. 5, 27 (1967); M. Yoshimura, Phys. 
Rev. Left. 41, 281 (1978). 
4. S. Hawking, "Is the end in sight for theoretical physics?" 
Cambridge University Press, Cambridge (1980). 
5. See e.g., R. D. Field, this conference. 
6. E.g.,M. Veltman, unpublished. 
7. D. Foerster, H.B. Nielsen, and M. Minymiya, Phys. Lett. 
94B, 135 (1980). 
8. S. Hawking, Nucl. Phys. B144, 349 (1978). 
9. M. Grisaru and W. Siegel, Caltech preprint CALT-68-892 
(Jan. 1982). 
i0. E.g.,B. Sathiapalan and T. Tomaras, Caltech preprint 
CALT-68-922 (May 1982). 
ii. S. Dimopoulos, S. Raby, and L. Susskind, Nucl. Phys. 
B169, 373 (1980). 
12. See J. Preskill, this conference. 
13. See L. Abbott, this conference. 
14. S. Elitzur, Phys. Rev. DI2, 3978 (1975). 
15. B.W. Lee, C. Quigg, and H. Thacker, Phys. Rev. Lett. 38, 
883 (1977) and Phys. Rev. DI6, 1519 (1977). 
16. See B. Cabrera, this conference. 
17. See W. Fairbank, this conference. 
18. G. Kane and J. Leveille, U. of Michigan preprint UM HE 
81-68 (Jan. 1982). 
19. P. Lepage and S. Brodsky, Phys. Lett. 87B, 359 (1979). 
20. E.g.,D. Weingarten, Phys. Lett. 109B, 57 (1982); H. Hamber 
and G. Parisi, Phys. Rev. Lett. 47, 1792 (1982). 
21. E.g.,G. Bhanot and R. Dashen, Institute for Advanced Study 
preprint Print-82-0251 (Feb. 1982). 
22. H. Georgi and H. D. Politzer, Phys. Rev. Lett. 40, 3 (1978). 
23. R. Cahn, private communication. 
24. G. Bodwin, S. Brodsky, and P. Lepage, Phys. Rev. Lett. 47, 
1799 (1981); A. Mueller, Phys. Lett. 108B, 355 (1982); J. 
Collins, D. Soper, and G. Sterman, Phys. Lett. 109B, 388 
(1982). 
25. S. Gupta and H. Quinn, Phys. Rev. D25, 838 (1982). 
26. J. Drees, Proceedings of the Bonn Conference on Lepton- 
Photon Physics (1981). 
27. R. Feynman and R. Field, Nucl. Phys. B136, I (1978); B. 
Anderson et al., Z. Phys. CI, 105 (1979). 
28. M. Shifman, A. Vainshtein, and V. Zakharov, Nucl. Phys. 
B147, 448 (1979). 
29. E. Poggio, H. Quinn, and S. Weinberg, Phys. Rev. DI3, 
1958 (1976). 
30. H. D. Politzer, Phys. Reports 14C, 129 (1974). 
31. R. Hollebeek, Proceedings of the Bonn Conference on Lepton- 
Photon Physics (1981). 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:
131.215.225.46 On: Wed, 16 Nov 2016 19:14:46
383 
$ .qZ I0 IS GW~ 
"ill 9. Plots of f~ s '~  t~ ~m- ;I dx for n = 2, 4.6, 8; =,ormllll2ed to o~ at ..~=t = 4 GeV=. The I, ohd ~ are the maxii 
mininud variJ,~^q for t2/4wl_q: - 0.l. 
led predictions for the violations of  scaling, in fig. 9 the predictions for the first few 
are sketched for the SU(3)~ym= a x SU(3)co ~ model. The only free I: . . . . . . . .  
J that ~=/4w = 0. I at -q= = 4 m~. Because the A n are not c,~dculable, th 
-ed to one at 4m2p. and for each moment, there is a minimum and a max 
.n correspnna;-- 9 the smallest and largest eigenvalues of.v ~. The credib 
because they represent a particular "o f  the x v. 
Uy equivalent v~" "r Clearly, ow "~.nl~e in
icxlly altere, ~ - an x '  = x + "~e 
n~and,  l/q =. Fir 
xing ," Qx the 
9 ' ~at' 
t 
I | _ . I  - -  
Qa (GeV=3 ,7+ 
EXHIBIT A 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:
131.215.225.46 On: Wed, 16 Nov 2016 19:14:46
384 
C. 
I 
.Zg"  
et  t~e~ 
of 8pp: 
k~t) m - 2,e 
I ~ ~ eEe t~ ! , , ~et ca] . e - ~  t t i re  f; Ca OcS .~r'" we bev~ productio. .~. . .4"  choice of t, 
The etatistic~ 
C d~, ~ 0 emrrunt a detai. 
~* ~" ~0" IO* The theoret ica l  c~ 
a ~ ~  matmly one sigma l 
Fig. 370 C:l(I) and Co(4) with Hf ~ 3 curve for ' We have fou' 
;Jet oalculus pr~Ictlmu, must be varied " 
e j  (29 GeV) - , 
~d C8 reepec" 
~revi~163 of a s and with the va" Csz. 6"V~) ..ff,et,un ~t~.  ~ ,~ i t iun  ~ , ,~ ,  th,  
~ ~ o<s(Z~ 0 I S  . . . .  , .or O - ,,, ~ , , , ' , .  oun '-vert th .  
9 ;~st ion  Of 88 with q2. Os/mq ~ formula fez 
l ~ 9 e (x'262e~) 
2.T  25-  ~ "  '(~~ 
~ 1 ~  The behavior of 8 8 deduced frms the rant  C: is  ahoy 
2(  are obtained from the other ~nt , .  The data agre, 
erithmic variation predicted by OCD which is short 
9 s (29 GeV) - 0.16. The 4~ conversion for each 
.f" 
.I 
% 
% 
~ methods ] 
ms ehou+ 
ed way 
uncertainty o" 
of the error 
the determine 
~vZ) for the Nonte 
6 I I0 I~0 assumed to be . 
t, t The agreeme. retlcal predictlo 9 9 range in 4q 2 . Th~ 
Z Nuts  a velue of a s 
this large a value r 
the leading log " 
% ,~ ,~4. "  9 ,o . .  ,~.~. 
recta he~" 
I ~ettJ - 
SC 
Fig. 38. 02 behavior of a s 
deduced from C 2 (4). 
T I~Z 
-, study the propert ies of glue 
algorithm devm" ~ by J. DO 
~hich have thr "-llke beh~ 
141yer all~l r ,~.29maaj 
"q . 
I _ _  t I I 
9 ZS"  2 .  S"  2~"  
(. v'b !&=~:4 ~'6t 
EXHIBIT B 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:
131.215.225.46 On: Wed, 16 Nov 2016 19:14:46
